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1
MOUNTING ARRANGEMENT FOR PITCH
GEAR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)to
Great Britain Application No. 1020828.8, filed Dec. 8, 2010.
This application also claims the benefit of U.S. Provisional
Application No. 61/420,940, filed Dec. 8,2010. Each of these
applications is incorporated by reference herein in its entirety.

TECHNICAL FIELD

This invention relates to wind turbines and more specifi-
cally to an arrangement for mounting a blade pitch gear
within a turbine structure.

BACKGROUND

FIG. 1 illustrates a wind turbine 1, comprising a tower 2 on
which a nacelle 3 is mounted. At least one turbine blade 5 is
mounted on a hub 6 to form a rotor 4. The hub 6 is connected
to the nacelle 3 through a low speed shaft (not shown) extend-
ing from the nacelle front. The wind turbine illustrated in FI1G.
1 may be a small model intended for domestic or light utility
usage, or may be a large model, such as those that are suitable
for use in large scale electricity generation on a wind farm. In
the latter case, the diameter of the rotor may be as large as 150
metres or more.

The rotor blades of wind turbines are designed to extract
power from the wind by virtue of their aecrodynamic shape,
and subsequent wind induced rotation. For horizontal axis
wind turbines, the blades rotate around a rotor hub attached to
anacelle mounted on a wind turbine tower, and the rotation of
the rotor turns a drive shaft connected in turn to a generator
which produces electricity. For horizontal axis wind turbines
to operate efficiently and extract the maximum power from
the wind, the wind turbine nacelle, and the axis around which
the wind turbine rotor rotates, is angled into the wind to the
greatest extent possible such that the rotational axis of the
rotor is aligned with the wind direction.

Modern wind turbines control the load on the rotor by
pitching the blades in and out of the incoming wind. The
blades are pitched to optimize the output or to protect the
wind turbine from damaging overloads during high winds.
FIG. 2 shows a known pitching arrangement between a hub 3
and a blade (not shown). The pitch bearing 7 is located
between the hub and the blade and in modern turbines can
have a diameter as large as 2 metres up to 6 metres. A gear 9
is formed on the pitch bearing 7, usually by machining the
gear ring into the pitch bearing material, and a torque is
applied by a pinion 8 to the gear to turn the pitch bearing. The
pinion is turned by one or more actuators, such as a hydraulic
cylinder or electric motor, to provide the torque for pitching
the blade and maintaining it in a given position. Such a pitch-
ing arrangement enables each blade to be turned approxi-
mately 90°-100° around their longitudinal axis.

A problem with pitch bearings for wind turbines is that they
are not operated like traditional gear systems. The gear goes
through long periods of inactivity, in which it is not necessary
to change the pitch of the blades. When the blades are pitched,
only relatively small rotations are required to control the
power and speed of the rotor when the turbine is being used to
extract energy from oncoming wind, this being within what
will be called the “operational range” for pitching. The result
is that the pinion spends most of the time engaged with, and
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travelling over, a short section of the gear surface. Typically
this equates to around 30°-35° of the gear surface, defined by
the angle of a segment of the gear ring. This leads to acceler-
ated wear, and when the small section of gear covering adjust-
ments in the operational range becomes worn the entire gear
must be replaced. Because the gear is formed directly on the
blade bearing the entire bearing, or bearing ring, must be
replaced, which is expensive and difficult.

We have appreciated that it would be advantageous to
provide a gear for a turbine pitch system that can be easily
replaced.

SUMMARY

Aspects of the invention are defined in the independent
claims to which reference should now be made. Advanta-
geous features are set forth in the dependent claims.

Embodiments of the invention provide a system or appa-
ratus for a wind turbine. The system/apparatus comprises a
pitch system, the pitch system comprising a blade pitch bear-
ing and a wind turbine hub, the pitch bearing being attached
to the wind turbine hub and arranged to be attachable to a
wind turbine rotor blade. The blade pitch bearing serves to
pitch the rotor blade relative to the hub. A pitch gear assembly,
comprising a gear having a gear surface for engaging with an
actuator such as a pinion, is releasably coupled to the pitch
system, by coupling to a component thereof, preferably either
by coupling to the pitch bearing, or by coupling to the hub, so
that the pitch gear, under the action of the actuator, causes
relative rotation between the hub and the relevant part of the
bearing. Releasably coupling the gear surface to the pitch
system can allow easy replacement of the gear without requir-
ing the removal of large components such as the bearing.

Preferably, the pitch system comprises a flange or member
for coupling the gear to the pitch system, the flange being a
projecting support for attaching one component to another.
The flange is supported on the pitch system and is arranged to
support the gear such that it is separate from, or held away
from, the pitch bearing, or the hub, preferably such that the
gear, and gear surface, is supported between the axis of rota-
tion of the pitch bearing and the pitch bearing circumference,
specifically between the axis of rotation of the pitch bearing
and, in the case of a circular or elliptical bearing, the curved
wall of a cylinder passing through the pitch bearing circum-
ference and being parallel to the axis of rotation of the pitch
bearing. The flange preferably extends in a direction substan-
tially perpendicular to the axis of rotation of the pitch bearing.
By providing a flange or support to hold it, the gear does not
need to be directly attached to, or formed as part of, the
components of the pitch system, and particularly the pitch
bearing, and can be moved to a location away from the pitch
bearing and/or the hub. This allows the pitch gear to be sup-
ported away from the bearing or hub in a more convenient
location in which it can be easily removed, as well as allowing
more design flexibility in deciding where to locate the gear
and corresponding pinion.

The flange may comprise a first portion and a second por-
tion, with the first portion connecting to the pitch bearing and
supporting the second portion, separating the second portion
from the pitch bearing by a distance along a line parallel to the
bearing axis so that the second portion is held away from the
bearing, in a position closer to the blade tip than the bearing is
to the blade tip. The second portion then extends into a space
between the circumference of the pitch bearing and the axis of
rotation of the pitch bearing. This allows the flange to be
coupled to a blade mounting arrangement in which a mount-
ing assembly connects a blade to the pitch bearing since the
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first portion can be part of the mounting assembly, either
formed integrally with it or being attachable thereto. This also
allows a blade with a pitching system to be mounted on the
middle ring of a three ring bearing.

The pitch gear may be mounted on the bearing or to the
flange using one or more releasable fasteners such as screws
or bolts. When using a flange, the gear can then be supported
proximate to the inner circumference of the flange, between
the flange and the axis of rotation of the bearing.

The flange is preferably in the shape of an annulus. The
annular flange may have one or more holes formed therein to
allow releasable fasteners 67, such as a nut and bolt, between
the bearing and the hub to be adjusted or replaced. The holes
can be distributed at a predetermined radius corresponding to
the radial position of a fastener between the pitch bearing and
a wind turbine hub, and would be sized so as to allow access
to the fasteners.

In certain embodiments, the flange may comprise a plural-
ity of elongated members, such as spokes or poles or beams.

The gear is preferably a gear ring, and may extend around
at least a portion of the circumference of the flange.

A pitch sub assembly may also be provided which can be
used in the pitch system of embodiments of the invention. The
pitch sub assembly comprises a pitch bearing, that is arranged
to be attachable to a wind turbine hub and wind turbine blade
by suitable fasteners, and a pitch gear releasably coupled to
the pitch bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, and with reference to the accompanying
drawings, in which:

FIG. 1 is a front view of a horizontal axis wind turbine;

FIG. 2 is a schematic illustration showing a known pitch
control system;

FIG. 3 is a cross section of a portion of a pitch system
according to an embodiment of the present invention;

FIG. 4 is a cross section of a portion of a blade coupling
arrangement and gear support arrangement according to an
embodiment of the present invention;

FIG. 5 is an expanded view of the blade coupling arrange-
ment of FIG. 4;

FIG. 6 is an expanded view of the gear support arrangement
of FIG. 4 according to an embodiment of the present inven-
tion;

FIG. 7 is a cross sectional view of the gear ring mounting
flange, gear ring and pinion along the line X-X, but excluding
the gear mounting feature, according to an embodiment of the
present invention;

FIG. 8 is a cross section of a portion of an alternate blade
coupling arrangement and gear support arrangement;

FIG. 9 is a cross sectional view of an alternative embodi-
ment of the gear ring mounting flange;

FIG. 10 is a cross sectional view of a further alternative
embodiment of the gear ring mounting flange; and

FIG. 11 shows an example of an arrangement in which the
pitch gear is coupled to the hub rather than to the bearing.

DETAILED DESCRIPTION

FIG. 3 shows a top down view of a pitch system according
to an embodiment of the present invention. The pitch system
comprises an outer ring 10 and inner ring 11 having sliding
means located between them to allow them to rotate relative
to each other. In this example, the sliding means is in the form
of'a number of ball rollers 12. The inner ring of the bearing
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has a gear surface 13, comprising a set of teeth, coupled to it
that engages with a pinion or other type of actuator to impart
a force on the inner ring and rotate it relative to the outer ring.
Typically the inner ring would be attached to the turbine blade
to be pitched, and the outer ring would be attached to the
turbine hub, although the opposite is possible if the gear
surface were to extend around the outer circumference of the
outer ring.

The gear surface 13 is attached to the inner ring 11 by
releasable attachment member or attachment means. In this
example, a support member or flange 14 extends over the
inner ring 11 to provide an annular mating surface for con-
tacting the bearing ring, and receiving releasable attachment
means 15 such as bolts or screws. The support member or
flange may be integral with the gear surface, and the gear may
directly contact the inner ring, or it may be supported away
from it by the support member. A complementary support
member or flange may be provided on the opposing side of the
inner ring. As an alternative, the gear surface may have
recesses formed therein to receive releasable fasteners which
would pass directly into the inner ring, preferably in a radial
manner. For example, screws or bolts may pass through holes
or recesses formed between teeth and into corresponding
holes or recesses in the bearing.

FIG. 4 shows a section of the hub, blade and intervening
connections of a wind turbine incorporating a blade pitch gear
mounting structure according to a further embodiment of the
present invention. FI1G. 4 generally shows a hub 51 attached to
a pitch bearing 52. A blade 53 is coupled to the bearing by a
blade coupling arrangement 70 comprising a number of
members. A pitch actuator system is provided, comprising an
AC synchronous motor or hydraulic motor 55 for generating
a torque, and a pinion 54 and a gear ring 57 to transmit the
torque to the bearing 52 to rotate the turbine blade about its
longitudinal axis. The pitch actuator system is coupled to the
blade coupling arrangement 70 by a mounting flange 56
attached to one of the members of the blade coupling arrange-
ment.

The hub 51 is attached to a pitch bearing 52 of the sort
described in PCT application no. W0O2007/006301. The
blade 53 is attached or coupled to the pitch bearing 52. The
pitch bearing includes at least one outer ring 58, at least one
centre ring 60 and at least one inner ring 59. The hub com-
prises a mount area for each of the blade units, the mount area
comprising at least two concentric load transferring surfaces
61/62 for attaching the blade unit via the at least one pitch
bearing. The load transferring surfaces may be separated by at
least one groove. The pitch bearing is attached to the hub at
the load transferring surfaces by fasteners such as screws,
bolts or studs.

The blade may be attached to the centre ring of the pitch
bearing via the blade coupling arrangement 70 using fasten-
ers such as screws, bolts or studs which may extend into the
groove between the load transferring surfaces 61/62. The
arrangement provides a direct path for the fasteners to pass
through the bearing such that the fasteners may be substan-
tially straight, such as a straight bolt 75 fastened by a nut
either at the bearing end or the blade coupling flange end.

The pitch actuator or motor 55 may be supported by a
support flange for holding the pitch actuator in a position such
that the attached pinion engages with the gear ring. The sup-
port flange preferably couples the pinion to the hub such that
it can produce a relative rotation between the relevant portion
of'the bearing and the hub.

FIG. 5 shows an enlargement of the bearing and blade
portion of FIG. 4 and will now be referred to in conjunction
with FIG. 4. The blade coupling arrangement is shown gen-
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erally by reference 70 and will be referred to as the blade
coupling flange. The blade coupling flange connects the blade
53 to the bearing 52, extending generally/substantially in a
direction parallel to the axis of rotation of the bearing, and
comprises at least three main sections. The first section is a
bearing coupling portion 64 for coupling the flange 70 to the
bearing 52, although in some examples this will be via a
further member such as coupling member 91 described
below. The second section is an intermediate section 65 which
is arranged at an angle to the axis of rotation of the bearing,
rather than being substantially parallel to it. The third section
is a blade coupling portion 69 for coupling the blade or blade
root to the coupling flange and therefore to the bearing. The
intermediate section is located between the bearing coupling
portion and the blade coupling portion. In one embodiment,
all sections of the blade coupling flange are formed as an
integral piece. As a result of providing a coupling flange with
a deflected intermediate section 65 it is possible to fasten the
blade to the hub by fasteners located inside the structure of the
wind turbine hub/blade coupling arrangement.

The first section 64 may couple to the bearing via an addi-
tional coupling member 91 located between the bearing and
the bearing coupling portion 64. This additional coupling
member is part of the mounting flange 56, which serves to
couple the gear and pinion mechanism 54/57 to the bearing
and will be referred to as the gear ring mounting flange. The
mounting flange 56 is coupled to the same ring of the bearing
as the blade. The member 91 may be integral with the first
section 64, and therefore may also be integral with the entire
blade coupling flange, which can be formed as a single piece.

FIG. 6 shows an enlargement of the gear ring mounting
flange, bearing and gear and pinion arrangement. The gear
ring mounting flange comprises a first portion 91 for coupling
the flange to the pitch bearing 52, and a second portion 92
extending radially inward towards the axis of rotation of the
bearing to which the gear ring is attached. The first portion
extends along a direction from the bearing to the blade tip to
support the second portion 92 closer to the blade tip than the
distance between the blade tip and the bearing. In one
embodiment, the second portion extends inwardly at an angle
substantially perpendicular to the axis of rotation of the bear-
ing, although it is possible that the second portion extends at
an angle greater or less than substantially 90° to provide a
conical shape with sloping sides.

FIG. 7 shows a cross-sectional view of the gear ring mount-
ing flange, gear ring and pinion along the line X-X of FIG. 6,
but does not show the attachment assembly 98 described in
more detail below. The first portion 91 and second portion 92
of the gear ring mounting flange are shaped as an annulus,
centred on the axis of rotation of the pitch bearing. They may
be integrally formed as a single piece, but could be bonded
together by a suitable method such as welding or using nuts
and bolts. The dimension of the first portion in the direction of
the axis of rotation of the bearing may be greater than the
dimension of the second portion such that the second portion
is supported at a certain distance further along the axis of
rotation of the bearing than the bearing itself'in relation to the
blade tip. This allows the gear ring mounting flange to couple
the gear ring arrangement to the central ring of the three ring
bearing. It also ensures that the second portion extends over
the nuts 67 attaching the bearing to the hub.

Although not shown in FIG. 7, the second portion 92 may
be attached to the gear ring 97 by an attachment assembly 98
shown in FIG. 6. In this embodiment, the gear ring assembly
is shown as comprising two co-axial gear rings centred on the
axis of rotation of the bearing and separated along the axial
direction of the bearing. The attachment assembly comprises
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abolt and nut to retain the gear rings in position, although the
gear rings may be connected to the gear ring mounting flange
by any other suitable fasteners. Other embodiments may use
a single gear ring or more than two. Alternatively, the pitch
gear may be formed integrally with the inner circumference
of the gear ring mounting flange. In any case, a pinion 54
engages with the one or more gear rings 97. The pinion is
driven by a motor, such as an AC synchronous motor or a
hydraulic motor. The pinion is attached to the hub 51.

In some embodiments, rather than using a single gear, two
or more gears, preferably ring gears, may be coupled to the
bearing, the ring gears being separated along the axis of
rotation of the bearing as shown in FIGS. 4, 6 and 8. One or
more pinions, coupled to one or more actuators, such as an
electric or hydraulic motor, are arranged to engage with one
ormore of the two or more pitch gears and to cause rotation of
a rotor blade with the bearing. Having two or more ring gears
engaging with a common pinion, or each engaged with sepa-
rate pinions, to rotate the bearing reduces the weight of the
ring gear, since two ring gears separated along the axis of
rotation of the bearing can be made lighter than a single ring
gear whilst covering the same length along the bearing axis.
The two or more ring gears may be mounted so that they rotate
about a common centre, such as with the ring gears being
arranged to rotate about the axis of rotation of the bearing and
the teeth of each ring gear being aligned with the teeth of the
other ring gears along a line substantially parallel to the axis
of rotation of the bearing. The gear rings may be directly
attached to the bearing, such as with releasable fasteners, or
may be coupled to the bearing via a flange so that the gear
rings are not in direct contact with the bearing. Again, the gear
rings may be attached to the coupling flange by releasable
fasteners to allow for replacement and adjustment of the gear
rings.

In order to pitch the rotor blade, a torque is generated by the
motor and transmitted to the pinion by the motor shaft. The
pinion rotates and transfers torque to the gear ring causing the
gear ring and the attached load of the blade to rotate with the
middle ring of the bearing. The pinion may rotate clockwise
or anti-clockwise.

The gear ring mounting flange may be made of steel or
similar material, and may be made of the same material used
for the bearing. The annulus structure of the mounting flange
ensures that the second portion is stiff in the radial and cir-
cumferential directions. The dimension in the axial direction
can be arranged so that the flange is relatively more flexible in
the axial direction of the bearing A to allow for movement
along this axis. In large scale commercial turbines the thick-
ness of the second portion in the axial direction of the bearing
may be between 10 mm and 30 mm, preferably between 15
mm and 25 mm and more preferably around 20 mm. The axial
distance between the bearing and the second portion of the
gear ring mounting flange is determined by the extension of
the first portion of the gear ring mounting flange and should
be large enough for the flange to extend over the bolt fastening
the inner bearing ring to the hub. It may be preferable for the
gear surface to have as large a diameter, relative to the rota-
tional axis of the bearing, as possible so that the mechanical
advantage is maximised. Therefore, the gear surface should
be located at a position having a radial distance to the axis of
rotation of the bearing that is as close to the corresponding
radial distance of the inner bearing ring as possible. The
flange can be arranged to support the gear in a position such
that these radial distances are substantially equal, but for large
turbines having a bearing diameter of, for example, 2 metres
up to around 6 metres, it may be sufficient for the second
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portion to extend around 30 to 50 cm into the structure, in the
radial direction of the bearing.

The relative flexibility of the gear ring mounting flange
allows tension in the gear ring to be distributed and uneven
tensions to be compensated for. For a single gear ring, the gear
ring mounting flange could contact the gear ring at the mid-
point of its dimension extending in the direction of the axis of
rotation of the bearing such that an equal amount of gear tooth
length extends above and below the join with the mounting
flange. A higher tension on either side of the gear ring, i.e., on
the top and bottom sides above or below the plane of the gear
ring mounting flange relative to the axis of rotation of the
bearing, due to unequal loading or momentary unbalanced
forces will cause the gear ring mounting flange to flex to
compensate. For multiple gear rings, as shown in the FIGS. 4,
6 and 8, the mounting flange supports gear rings either side
and compensates for changes in the load distribution between
the gear rings by flexing in the same way described for a
single gear ring.

Still with reference to F1G. 7, the first portion has a number
of holes 95 distributed around the circumference to allow
fasteners, such as bolt 75, to pass through and connect to the
bearing. The gear ring mounting flange can therefore be
incorporated into a typical blade mounting arrangement in
which a bolt, or other protrusion, extends from the blade
through a receiving hole in the bearing and is fixed by fasten-
ers such as a nut. The bolt or protrusion may alternatively
extend from the bearing into the blade.

The second portion also has a number of holes 96 distrib-
uted around the area of the annulus, such as all at the same
distance from the centre. These holes are positioned to pro-
vide access to the nuts 67 securing the bearing inner ring to
the hub. The nuts 67 may therefore be adjusted or replaced
without removing the gear ring mounting flange. This plural-
ity of holes has the additional advantage of reducing the
overall weight of the gear ring mounting flange structure. The
holes would have a radius of at least the size of the nut,
although larger may be preferable to allow spaceto access and
adjust the bolt and possibly replace it.

The arrangements described above have used a blade cou-
pling arrangement in which the joint at which the blade is
attached to the blade coupling flange has a smaller diameter to
the joint at which the blade coupling flange is attached to the
bearing. Therefore, the pitch circle diameter of the joint
between the blade coupling flange and the bearing is greater
than the pitch circle diameter of the joint between the blade
coupling flange and the blade. At least a portion of the inter-
mediate section is arranged such that the radial distance of the
flange to the axis of rotation of the blade pitch bearing varies
over the portion so that the blade coupling flange defines a
volume internal to the hub and/or rotor blade structure for
receiving fasteners for attaching the rotor blade to the blade
coupling portion. In particular, the intermediate section 65
extends at an angle to the axis of rotation of the bearing and
provides a tapering or conical shape that reduces in diameter
along the direction parallel to the axis of rotation of the
bearing 52 from the blade root to the blade tip. The blade
coupling flange, or intermediate section, may extend along a
line passing through the centre of the pitch bearing structure,
between the inner and outer bearing rings, and through the
centre of lift of the blade.

FIG. 8 shows a blade coupling arrangement and gear sup-
port arrangement in which the blade 53 is mounted more
directly to the bearing by a blade coupling flange 70a. The
blade coupling flange 70a does not include a portion whose
radial distance to the axis of rotation of the bearing varies. The
blade coupling flange 70aq is also part of the gear ring mount-
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ing flange, with the two possibly being formed as an integral
piece. The blade is mounted using a protrusion that extends
through the blade coupling flange 70a and through the middle
ring of the bearing 52 where it is fixed in place by an attach-
ment member such as a nut.

FIGS. 9 and 10 show alternative embodiments for the gear
ring mounting flange. In the embodiment of FIG. 9, the first
portion of the flange 91 is secured to the pitch bearing and the
second portion 92 extends radially towards the bearing rota-
tion axis. The second portion comprises a number of holes or
cutaway sections 93 formed in a single annular disc. Each of
the cutaway sections is shaped like a trapezoid, with the two
longer sides being curved and following the curvature of the
annulus, although it will be appreciated that different shapes
for the cutaway sections are possible. The cut out sections
save weight and also allow easy access to the retaining nut
coupling the bearing and hub together.

In the embodiment of FIG. 10, rather than using a single
disc for the second portion, a plurality of elongated members,
such as spokes or rods 99, are attached to the first portion and
used to support the gear ring.

It is not necessary for the blade to be able to pitch through
360°, meaning that the gear ring does not need to extend
around the entire circumference of the mounting flange.
Equally, therefore, the mounting flange does not need to
extend around the entire circular circumference of the blade
root. Instead, the gear ring mounting flange may extend
around only a portion of the circumference of the blade root,
the portion covering, for example, substantially the same
circumferential segment as the gear ring.

The embodiments described show components of the blade
coupling flange, such as the first and second portion, as being
integrally formed as a single piece. They may instead be
attached together by appropriate fasteners such as bolts or
pins. It is also possible for the blade coupling flange to be
integral to the bearing ring to which it is attached, which
would remove the need for bearing fasteners such as bolt/nut
arrangement 75.

Examples have been described in which the gear ring is
coupled to the bearing, with the driving pinion being coupled
to the hub such that the pitch motor’s torque is thus trans-
ferred to the bearing to cause relative rotation between the
blade and the hub. However, it is possible for the gear ring to
be coupled to the hub instead, with the pinion being coupled
to the bearing. FIG. 11 shows an example of such an alterna-
tive arrangement, in which the pinion 1154 is coupled to the
bearing 1152 via the motor 1155, which is attached to the
bearing by support member or support means 1158. The
support means could be attached directly to the bearing or it
may be coupled to, or part of a blade coupling flange in a
similar arrangement to the coupling of the pitch gear flange
described above. The pitch gear 1157 is releasably coupled to
the hub, with a gear mounting flange 1156 extending radially
inward towards the axis of rotation of the pitch bearing. The
gear mounting flange 1156 can have the same features as
described for the embodiments in which the pitch gear is
coupled to the bearing, but it will be appreciated in this
example that the portion 91 shown in FIG. 6 will not be
required, since the flange can be coupled directly to the hub.

Certain embodiments of the invention have been described
in relation to a three ring bearing having an inner, outer and
central ring and the blade being connected to the central ring
by the blade coupling flange. It will be appreciated that
embodiments of the invention may be used to connect the
blade to the inner, outer or both rings or can be utilised in other
types of bearing, such as a two ring bearing. The term “ring
gear” used throughout the description is intended to refer to
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the fact that, in some embodiments, the gear teeth are formed
on a ring structure. There is no requirement for the gear teeth
to extend around the entirety of the circumference of the ring;
the teeth may only extend around a portion thereof.

The invention claimed is:

1. A system for a wind turbine, comprising:

a pitch system comprising a pitch bearing and a wind
turbine hub, the pitch bearing being attached to the hub
and being attachable to a wind turbine rotor blade, the
pitch bearing defining an axis of rotation of the pitch
bearing and an inner bearing circumference;

a pitch gear releaseably coupled to the pitch system; and

a flange for coupling the pitch gear to the pitch system, the
flange being connected to the pitch bearing and further
configured to be connected to the rotor blade such that
the blade couples to the bearing through the flange,

wherein the pitch gear is positioned between the axis of
rotation and the inner circumference of the pitch bearing
and spaced from the inner circumference in a direction
substantially perpendicular to the axis of rotation of the
pitch bearing, and

wherein the pitch gear is further positioned between the
pitch bearing and a blade tip and spaced from the pitch
bearing in a direction substantially parallel to the axis of
rotation of the pitch bearing.

2. The system according to claim 1, wherein the pitch gear

is releaseably coupled to the pitch bearing or to the hub.

3. The system according to claim 1, wherein the flange is
configured to extend in a direction substantially perpendicu-
lar to the axis of rotation of the pitch bearing.

4. The system according to claim 1, wherein the flange
comprises a first portion and a second portion, and wherein:

the first portion is configured to connect to the pitch bearing
and support the second portion between the blade tip and
the pitch bearing; and

the second portion is configured to extend into the space
between the circumference of the pitch bearing and the
axis of rotation of the pitch bearing.

5. The system according to claim 1, wherein the flange
includes a mounting arrangement for receiving the pitch gear,
the mounting arrangement configured to support the pitch
gear proximate to the flange and between the flange and the
axis of rotation of the bearing.
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6. The system according to claim 5, wherein the mounting
arrangement has a plurality of holes for receiving a bolt.

7. The system according to claim 1, wherein the flange is in
the shape of an annulus having one or more holes formed
therein, the holes being distributed at a predetermined radius
corresponding to the radial position of a fastener between the
pitch bearing and the wind turbine hub, the one or more holes
being sized so as to allow access to the fastener.

8. The system according to claim 1, wherein the flange
comprises a plurality of elongated members, the elongated
members including spokes.

9. The system according to claim 1 wherein the bearing is
a three ringed bearing and the pitch gear is releaseably
coupled to the middle ring.

10. The system according to claim 9, wherein the flange
couples the wind turbine pitch gear to the middle ring of the
three ring pitch bearing.

11. The system according to claim 1, wherein the pitch gear
is directly, and releasably, attached to the pitch bearing.

12. A wind turbine comprising:

a wind turbine rotor blade;

a wind turbine hub;

a pitch bearing for rotatably mounting the rotor blade to the
hub, the pitch bearing being attached to the hub and to
the wind turbine rotor blade and defining an axis of
rotation and an inner bearing circumference;

a pitch gear releaseably coupled to the pitch bearing; and

a flange coupling the pitch gear to the pitch bearing, the
flange being connected to the pitch bearing and con-
nected to the rotor blade such that the blade couples to
the bearing through the flange,

wherein the pitch gear is positioned between the axis of
rotation and the inner circumference of the pitch bearing
and spaced from the inner circumference in a direction
substantially perpendicular to the axis of rotation of the
pitch bearing, and

wherein the pitch gear is further positioned between the
pitch bearing and a blade tip and spaced from the pitch
bearing in a direction substantially parallel to the axis of
rotation of the pitch bearing.
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